Introduction
The well-established requirement for zinc in mammalian spermatogenesis (Underwood, 1977) has been most extensively investigated in the rat. It has been shown that the impairment of spermatogenesis in rats during zinc deficiency is not preventable by administration of gonadotrophins (Millar, Elcoate, Fischer & Mawson, 1960) and may reflect chiefly the direct requirement for zinc by elongating spermatids, which are selectively depleted during the initial stages of zinc deprivation (Millar et ai, 1960;  Orgebin-Crist, Freeman & Barney, 1970; Diamond, Swenerton & Hurley, 1971) . The uptake of zinc by developing rat spermatids is supported by the coincidental increment in testicular zinc concentrations when these cells first appear during puberty (Parizek, Boursnell, Hay, Balbicky & Taylor, 1966) and by the short interval between incorporation of subcutaneously or intramuscularly injected 65Zn into testis and its subsequent appearance in the caput epididymidis (Wetterdal, 1958; Gunn & Gould, 1970) .
Association of zinc with cysteine-rich sperm proteins in the rat (Calvin & Bleau, 1974; Calvin, Hwang & Wohlrab, 1975; Baccetti, Pallini & Burrini, 1976) and bull (Baccetti et ai, suggest that incorporation of zinc and cysteine by sperm proteins may be approximately concurrent events which both take place during spermatid differentiation. The incorporation of cysteine into the spermatid proteins is no doubt a prerequisite for the development of the unusual variety of highly differentiated sperm structures which are stabilized by half-cystine bridges in mammalian spermatozoa (Bedford & Calvin, 1974a, b) .
Studies of the concentration of 65Zn in rat epididymal spermatozoa 2-20 days after intratesticular administration indicate maximal levels in spermatozoa in the caput at 9-11 days after injection, followed by a more modest peak of activity in the cauda approximately 1 week later. In the present study, these findings have been extended by comparing 65Zn and t35S]cysteine incorporation into rat epididymal spermatozoa between 2 and 28 days after intratesticular administration.
Materials and Methods

Injection of tracers
The tracers were 1-0 mCi 65Zn (sp. Preparation ofsperm samplesfor assay ofspecific activities Animals were killed by cervical dislocation after ether anaesthesia at 2, 6, 10, 14, 18, 22 and 28 days after injection. Each testis was examined and the tiny injection scar of less than 1-mm diameter was noted. In those rare instances where greater damage was evident, the associated epididymis was not included in the study. Spermatozoa were collected separately from each caput and cauda epididymidis by procedures described previously (Calvin, Yu & Bedford, 1973) . The segments chosen as caput and cauda corresponded approximately to zones 1-3 and zone 6, respectively, of the zones described by Reid & Cleland (1957) . The spermatozoa, suspended in 0-02 M-sodium phosphate, pH 6-0 (Buffer P), were collected by centrifugation at 1500 g for 5 min, washed once with Buffer and resuspended in this medium for assay of radioactivity. Suspensions of caput spermatozoa (2 ml) and cauda spermatozoa (4 ml) were sonicated until more than 99% of the spermatozoa had been decapitated (Calvin et al., 1973) . Six aliquots of 100 µ were removed from each sample for the determination of specific activities as described below. The remainder of each sperm suspension was usually then processed for the isolation of sperm heads by sucrose density gradient centrifugation (Calvin, 1976 (Wetterdal, 1958; Gunn & Gould, 1970 XIV % 13-1 6-1 3-3 3-6 9-9 7-5 18-1 9-4 7-5 100 6-3 5-7
Text- fig. 3 . Schedule of spermiogenesis in the Sprague-Dawley rat, based on the data of Clermont & Harvey (1965) . The width of each box is proportional to the relative duration of each of Stages I-XIV in the seminiferous epithelium.
Comparison of Text- fig. 3 with Text- fig. 1 (b (Calvin et al, 1975) .
Within the sperm tail, the dense fibres are the most prominent -S-S-cross-linked structures (Bedford & Calvin, 1974a) and account for the majority of cysteine-rich protein (Baccetti, Pallini & Burrini, 1973; Calvin et al., 1975 (Calvin, 1979) . Like the cysteine-rich protamine of the sperm head (Grimes et al., 1977; Loir & Lanneau, 1978) , these polypeptides are evidently synthesized in spermatids immediately before their assembly in sperm structures. The formation of dense fibres in the late stages of spermiogenesis over a prolonged period is indicated by morphological observations (Phillips, 1974; Clermont & Rambourg, 1978 (Calvin, 1979) (Setchell, 1978) .
The increases in 65Zn/35S observed in testicular fractions between Days 2 and 10 ( (Calvin et al., 1975) . This net loss of Zn, originally suggested by Gunn & Gould (1970) , may be related to the oxidation of -SH groups with which this trace metal is complexed (Calvin et al., 1975) . By contrast, turnover of zinc in rat epididymal spermatozoa appears to be of relatively minor importance. Although a rapid but transient incorporation of 65Zn by rat epididymal spermatozoa has been detected following intraperitoneal administration (Adams, Neathery & Johnson, 1975) , this does not signify exchange of the main complement of zinc incorporated during spermiogenesis, which is not removable by challenge with exogenous, unlabelled zinc (Gunn & Gould, 1970 (Chen & Ganther, 1975) , although its localization within the seminiferous tubules remains unknown. In addition, the level of reduced glutathione in testis has been reported to be unusually high (Kochakian, 1975 
